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EFFECT OF STRUCTURE IK MIDDLE PART OF 
LEADING EDGE OF A THICK WING.* 

CoBHEunlia&tibn' fioxn' Ryks-Studiedienet voor de Laolityaaxtj 

of Amsterdam. 

On the Fokker F III alTplane, the pilot's seat Is under the 
front part of the wing. Above this seat the wing Is axohed out 
to make room for the pilot's head. A portion of the leading edge 
Is out away« leaving a space of sufficient width to enable the 
pilot to look forvrard along the fuseletge. In front of this open- 
ing Is a wind shield attaohed to the fuselage. For the sake of 
Is^rovlng the view. It would seem desirable to remove a larger por- 
tion of the wing. The experiments herein desorlbed were made for 
the purpose of finding whether this modlfloation would be possible^ 
without too great detriment to the aerodynamic properties of the 
airplane. 

pgqffrJrPtAgn Qf ^pdBl uged* 
Experiments were made with the airplane model No. 5, whloh is 
a combination of an existing model of a thlok wing, similar In Its 
general charaoteristlos to the wing of the Fokker F III, with a 
model of the fuselage of the latter airplane made on the same soale 
as the wing. The landing gear, propeller and tall were omitted, 
as these parts were not neoeseaxy for the experiments. The model 
was juade of mahogany. An opening of the same shape as that on the 
^11-slze airplajie was made In the leading edge of the wing extend- 
ing 10 mm beyond either side of the fuselage. Drawings of the irods^. 

with the principal dimensions, are given in Figs. 1 and 3, while 
* From Premier Oongres International de la Navigation Atfrlenne, Vol. 
II. pp. 33-38, Paris, November, 1931. (Communloatlon from the "Rlik^ 
studiedienst voor de Luohtvaart" at Amsterdam. 7 
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Fig. 4 la a longitudinal eeotlon of tte front part. 

Several modlfloatlona vare auoceaalvely tried, the fir at, dea- 
ignat'ed model "So, 5-A, maxle uae of a braaa wiiidr shield of the earns 
wldtb as the fuselage, with its top edge joined to the top edge of 
the opening. In oiodel 5-B the openings at the lateral ends of the 
wind-ahield vere filled with paraffin, thus restoring the normal 
wing-aeotion at theae polnta. . In all the suooeeding models this 
filling waa removed, but the wind-ahield was not ohanged. Suocesa- 
Ive modela were obtained by removing portions of the ving over the 
pilot' a seat extending the whole width of the original opening. 
The hel^t of the aroh is shown in Fig, 4. On the full-sized air- 
plane, the depth of the opening la limited by the poaition of the 
front wing-spar. Kodel 5-E oonforma to thia limitation. 

Method of TeatlTig. 
Eacperiraenta were oondnoted in the tunnel of the R. S.L, (Rljks 
Studledienst voor de Luohtvaart) with a velooity of 38 m/aec. The 
horizontal and vertioal atreaaea were meaaured with an Eiffel bal- 
ance for anglea of attadc ranging from -9° to 46°. From theae neaa- 
urementa, with the aid of the absolute ooeffiolenta and the follow- 
ing formulas, the oomponents Ity and Rx were obtsaned. 

Hy = ^o 1 S 
» Do I S v' 

Ry, vertical coinponent of drag in kg. ; 
Rxj horlzonteil " » « n n . 

9 
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Lq axid Bq, absolute ooefflolents of lift and drag; 

stass-denslty of alx; 

P, Trelgiht of air in kg/m.' 

g, aooreleration of gravity in m/seos 

area of ving in square meters; 

7, relative velocity of yrlnd In m/seo. : 

Ramilta of Teats. 
The values found for the coefficients are represented graphio- 
ally by polar curves (Fig, 5). In considering these results, -re 
must bear in mind that the model tested does not represent a com- 
plete airplane. In that several parts are lacking, T7hloh would con- 
siderably increase the drag due to parasite resistance. The valuos 
found for the ooefficients of drag are therefore smaller for the 
rodel than they irould be for the oosgplste airplaQe« while the dif- 
ferences bet-ireen the coefficients obtained for the different models 
are relatively too great. The following process of reasoning will 
give us a better appreciation of the significance of these differ- 
ences. 

For a complete airplane model very similar to the one under 
oonslderationj there was found a minimum drag coefficient of 
0.0385.* It was aJso found that the parasite resistance of this 

model was nearly constant for the angles of attaofc employed In 

* Airplane model No. 1-C: Model of Fokker F II airplane in which 
tie front part of the fuselage was modified. A report of these re- 
searches has just been published in "Vexslagsn en vsrhandelingsn 
van den Rljksstiadiedienst voor de Luohtvaart«" I, 1931. 



normal fll^t. In the tests under oonsldexatlonj there was found 
for .modol &7A a jnlnldum of 0.0305. We oan therefore obtain 

approximate values for the drag ooefflolents of the oo&rplete model 
by assuming an Increase of 0*006 Of the values found. This Is done 
In the" ezaiBpXe given further on. The polaxs of Fig, 5, however, 
give the values obtained front the experlmentB.' 

Influence of wind-shield and of filling openings at ends (mod - 
els 5-A and. 5-B).- The wind-shield exerts a psroeptlble influence 
for all angles of attaok. This influence Is the smallest when 
= 0.300 and increases .for other values of this coefficient. 
Filling the opening at both ends of the wind-shield makes very 
little dlfferenoe. 

Mode la {5 -A. 5-C and 5-F .». On increasing the height of the op- 
ening 3 mm (No. 5-0) « we obtain an increase in the ooefflcient of 
drag, for laxge values of "Lq, oorresponding to that obtained by 
removing the wind-shield. The increase la atill greater for small 
values of Lq. 

When the dlmenslona of thd opening are made still greater 
(Nos. 5-D and.5-E), we find quite a large decrease in the coeffi- 
cient of lift, as well as ajx increase in the coefficient of drag. 

When we give the opening such a shape that we produce a wing 
section (No. 5-F) for the central part of the lifting surface, we 
obtain more favorable values than with a vertical edge (No. 5-E). 
The latter shape is not practicable in a Teealax airplajie, since 
it gives too unfavorable values. 
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In -ordez, tp inake the Izopoztanoe of the dlfferenoea mere easily 
under stoodj we have oaloulated from the reerults of the experiments 
the power required for fllglht "by an airplane with a wing surface 
cf 13- square met'ers* for different weights and speeds, TTe made the 

following assuzoptlons: 

1. That the value of the ooefflolents does not change In pass- 
ing from the model to the full-sized alxpleu;iei . 

S. That the affiolenoy remains oonstegit ajid Is 0.7; 

3. That we may disregard the Increase In drag due to the In- 
crease In the velocity of the propeller slip stream; 

4. That the parasite reslstanoe not Included In the model Is 
estimated at Dop = 0.008. 

Consequently 4 we obtained only comparative values. For the 
calculation^ we employed the following formulas: 

P a 
Q = Lo -g S V' 

75 P = (Dx + Dop) I S V' 

In which ■ 

Q Is wel^t of alrplajos In kg; 

S, area of wing In square meters; 

V, speed of airplajiie In meters per second; 

^0* absolute coefficients of lift and drag for model; 

Dcp, absolute coefficient of parasite resistance; 

P/g, mass-denaltv of air; , _ 
p, weight of air in Tcg/mr 
gj acceleration of gravity in m/aec^ 
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efflolenoy of propsllar. 

The xasulta are given In the follovlng table: 



V In 

iuQ/ a 


0 in 


HP fox Model Number. 


5 


5-A 


5-B 


5-C 


5^D 


5-E 


5-F 


100 


1300 


67 


63 


63 


68 


73 


100 


70 




J.DUU 


82 


75 


78 


81 


73 


136 


87 


120 


1200 


108 


106 


104 


113 


117 


134 


115 




1600 


113 


103 


106 


113 


121 


158 


117 




2000 


125 


115 


131 


125 


136 


197 


132 


140 


1200 


182 


176 


174 


191 


194 


203 


191 




1600 


171 


168 


165 


176 


185 


211 


182 




2000 


171 


168 


165 


176 


186 


235 


182 



The above figures oonflrm the statements in this report as to 
the effect of the modifications. 



The results of the tests suggest the following oonolusions: 

1. The presence of the irlnd-shleld has a favorable influence 
on the aerodynamic properties, while the filling of the openings at 
the ends of the wind-ahleld has little effect; 

2. A small upwaxd extension of the opening, without a oprres- 
ponding extension of the wind-shield (model No. 5-0) , exerts a deoid 
edly unfavorable influence j while a larger extension is inadmissi- 
ble, on account of the resulting excessive increase in the head re- 
al at anoe« 



If, theiofoxQ, it should be neoeaeaxy to extend the opening 
higher 4 for the sake of obtaining a better view, it nmat be olosed 
*ith some traaapaxent material, so as to preserve as nearly as pos- 
sible the -upper oambex of the wing. 

Translated by the National Advisory Gommittee for Aeronoutios. 
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Fig. 3. 



^5-B 



Fig. 2. 




Fig. 4 

Figa. 1« 3« 3 a2id 4. Views of the models showing 

the different stTuotures. 



